Abstract-Orthogonal Frequency Division Multiplexing Access (OFDMA) technology along with cooperative relay networks are generally described as an appropriate applicant for developed cellular networks because of the improvements to system performance through flexible resource allocation schemes. In these networks interference-aware resource allocation or interference coordination, represents an important role in raising resource utilization as well as enhancing cell throughput. This paper focuses on existing co-channel interference mitigation methods in multi-cell OFDMA Relay Based Cellular Networks (RBCNs).It aims to utilize the advantages of relay stations while reducing the negative effects of introduced interference. This research first presents the general system model scenarios of interference in RBCNs and provides an overview of the problem. It then compares the potential interference scenarios in these systems. Our study examines the techniques based on the frequency reuse factor they use and shows that even by maintaining the frequency reuse at one; we can maximize the system throughput.
INTRODUCTION
Nowadays, since wireless communication is common, the user requirements for better data rate as well as improved quality of service (QoS) through cellular networks are increasing [1] . Many technologies have been suggested to fulfill these strengthened demands. The traditional point to point network architecture has been replaced by the cooperative relay network architecture, due to the cell edge's channel quality improvement or extremely shadowed users, and which may also utilize frequency reuse with less effort [2] and [3] . Relay Stations (RSs), which have less functionality than Base Stations (BSs), are able to overwhelm the deprived channel qualities of Mobile Stations (MSs) using two-hop -BS-to-RS and RS-to-MS -which introduce great channel qualities and maintain low infrastructure cost [4] . Meanwhile, Orthogonal Frequency Division Multiple Access (OFDMA) technology is becoming a powerful candidate for radio access technology considering that frequency selective fading issue in 4G cellular systems could be reduced if the entire bandwidth is divided into multiple parallel subcarriers [5] .
The combination of relay cellular network and OFDMA technology known as OFDMA Relay-Based Cellular Network (RBCN) is proposed to provide services, with good flexibility in terms of resource allocation, for instance, power control, scheduling, and subcarrier allocation, to attain the multidimensional diversity gain [5] .
Although each cell is using universal frequency reuse, cochannel interference may be introduced by RSs, intra-cell interferences between RSs and BSs, along with inter-cell interferences among RSs in adjacent cells [6] . Such interference can comprise the performance gain and affect the system performance created by RSs. Consequently, to alleviate possible interferences in OFDMA RBCN, developing effective interference coordination mechanisms is important [6] . In OFDMA RBCN, quite a lot of methods have been proposed to prevent co-channel interference [1] , [5] - [14] . In [5] - [6] , [8] - [12] the authors try to keep a Frequency Reuse Factor (FRF) of one and proposed different algorithms to cope with interference coordination, while the authors [1] , [7] , [13] - [14] set a different FRF and developed various types of frequency reuse technique. This paper focuses on downlink OFDMA-RBCN, and develops a review of the interference coordination scheme to alleviate interference, and, hence, improve system throughput. The main contributions of this paper are as follows. 1) We develop interfere MS at the cell edge model to provide an overview of the problem. 2) We present a partial study on system resource allocation considering interference coordination.
The rest of this study is arranged as follows; In Section II, an overview of the general system model scenarios of interference in relay based cellular networks is provided and the various problems are discussed. Section III provides a comparison of FRFs and potential interference scenarios in multi-cell OFDMA RBCN systems. We present a discussion in Section IV, and in Section V the paper is concluded.
II. PROBLEM OVERVIEW
The RBCN consists of three or more hexagonal cells with a BS in each cell and three to six fixed RSs. Mostly, users known as MSs are generated randomly in the network. There are two types of communication for a MS: single-hop, which is direct communication between the MS and BS, and two-hop communication, which is indirect and via a RS. Generally, the cell edge areas are known as relay coverage. In that, RSs generally exploit the exact same spectrum as BSs or MSs. The radio resource allocation schemes and co-channel interference (CCI) will be closely correlated in RBCNs because of the intracell and inter-cell frequency reuse, as presented in Fig.1 [7] . Frequency planning should be employed in OFDMA systems for enhancing the performance of the cell edge and alleviating interference management [15] .
The ability of reuse frequencies to increase both coverage and capacity is the main characteristic of cellular networks [16] . Thus, neighbouring cells should employ dissimilar frequencies. Although there wouldn't be an issue for two cells which are adequately far apart from each other to use the similar frequency. Reuse factor and reuse distance are the fundamentals that establish frequency reuse. The FRF is defined as the rate at which the exact same frequency can be used in the network. The FRF is calculated based on the number of cells that are not using the same frequencies for transmission. If L is the number of these cells then FRF is equal to 1/L.
Aggressive frequency reuse means that the same spectrum is available in each cell.
FRF of one or universal FRF means that the total band of frequency used in a single cell is reused in other neighbouring cells. Therefore, when all the cells are using the same frequency, high interference occurs, and as a result, the system becomes impractical. In other words, the signal across the frequency band do not be spread in these systems; inter-cell radio resource management plays significant role in resource allocation management among various cells, as well as in the inter-cell interference constraint management.
In the next section, we review the papers that consider downlink multi-cell OFDMA RBCN, and, mostly, follow a FRF of one and discuss the algorithms used to increase the system performance. In addition, we consider the different patterns for FRF used in recent papers. 
III. COMPARISONS OF FRF IN MULTI-CELL OFDMA RBCN

A. Universal FRF
In [8] an Integrated Interference Coordination Scheme (IICS) is proposed, that is a heuristic-based scheme composed of two stages. Mitigating interference and improving system throughput is the aim of IICS. Each stage performs a particular Resource Block (RB) assignment algorithm, that is, Dynamic Allocation Algorithm (DAA) and Semi-Static Allocation Algorithm (SSAA). In each scheduling interval, the RB allocation algorithms are not executed simultaneously. At the start, when there is a light traffic load, the low-complexity algorithm SSAA is used. It means that the number of RBs is bigger than the number of MSs at the edge or in the center of the cell. It allocates orthogonal RBs to MSs served by the BS and two neighbouring RSs in the cell. In the case that there are inadequate orthogonal RBs, the SSAA needs to implement again a number of RB for those unscheduled MSs and, thus, will introduce less interference. In contrast, when there is a high offered load, the DAA is used, in order to schedule more MSs. reuse RBs more effectively, improve system throughput, allocate MSs into several clusters, and assign spectrum resources to individual clusters based on the instantaneous channel states.
According to the presented numerical results, the proposed scheme could efficiently enhance system throughput in comparison with the allocation schemas of the resources without sufficient interference coordination. However, the specific scenarios should be considered for these proposed schemes and algorithms, and there is a lack of theoretical foundations in general cases [6] .
In [5] , a two-stage allocation scheme of the resources allocation scheme is proposed, which considers the high complexity of optimal solution to formulate the joint resource allocation problem. During the first stage, with sequential selection of all MSs in each cell, the scheduling and joint subcarrier allocation is preformed for the elected MSs without considering the inreference. During the second stage, by using the geometric programming method, the optimal power control is to mitigate the severe inter-cell interference problem.
Simulation results illustrate that in contrast to existing schemes, the system capacity could be enhanced by the proposed interference-aware resource allocation. Particularly, the MSs at the edge obtain a greater advantage. Nevertheless, in other aspects, the backhaul link among BS and RSs in all cells should be active simultaneously, as well as access links. Consequently, the allocation schemas of the resources which are proposed in this paper are not very useful for the contemporary realistic systems, for instance, LTE-A [6] .
In [6] , a game-theoretic framework was developed to alleviate interference named as the interference coordination game (ICG). In this game, each player consists of a signal transmitter and receiver. Also, the signal strength and interferences of players are considered. Hence, proper strategies could be chosen by players to lessen the interference without significantly compromising the data rate of MSs. ICG decomposes into two sub-games -power allocation game (PAG) and resource block assignment game (RBAG) -to attain equilibrium of the game with reasonable complexity. The framework of ICG is illustrated in Fig. 2 . In the beginning, Resource Blocks (RBs) are assigned to every player with interference prevention by RBAG, and, afterwards, PAG is used to adjust the transmission power for increasing the utility of the players. The PAG and RBAG are performed in a repetitive approach. In OFDMA systems, orthogonal RBs need to be used for different MSs that are connected to the same serving nodes. Thus, as a restatement, once the RB assignment strategy for other players is fixed, the candidate RBs for one player is not all the available RBs in a cell for adjusting the RBs' assignment. Hence, several preliminary strategies for RB assignment could result in a several iteration process, and, accordingly, several Nash equilibriums (NEs), which a strategy profile represent them for resource allocation as a stable solution. Convergence to equilibrium is promised while ICG together with two sub-games are designed as potential games [17] . Furthermore, the possible function is defined to represent the system payoff of ICG; therefore, increases in the payoff of the individual players can result a higher system payoff . Consequently, the most appropriate response to other plates' strategies could be chosen by each player to achieve the optimality, and, therefore, accomplish the objective of interference coordination.
In addition, the numerical results of the proposed framework could assure the converges of ICG to equilibrium and achieves performance improvement in terms of the distribution of Signal-to-Interference-plus-Noise Ratio (SINR) and throughput of the system in comparison with schemes without interference coordination and the fractional frequency reuse scheme. However, in the proposed framework, allocation of the resources of the backhaul links is not considered. In practical systems, system performance could be greatly affected by the backhaul links that are mostly the bottle links. In [9] , a new method for solving the problem in its nonconvex nature similar to iterative multi-user water-filling algorithms [18] is proposed, and it is shown that using this method for capacity maximization problem outperforms the results of the conventional resource allocation methods based on the interference threshold. The proposed algorithm consists of two sections -Distributed Solution, and Centralized Algorithm.
In the distributed solution, in the first step for subchannel allocation, each subchannel would be allocated to the MS that has the greatest channel gained on that subchannel. Most of the works on multi-cell interference have tried to solve the resulting non-convex optimization problem by transforming it to a convex optimization problem according to some relaxation. In [19] and [20] , the authors tried to relax the multicell Interference term, which results in some suboptimal solutions. In this part, the resulting problem is solved without relaxing the multi-cell interference. In the Centralized Algorithm part, the centralized algorithm for subchannel allocation is proposed, which gives a higher performance gain in comparison to the distributed subchannel allocation. For doing this, the effect of the subchannel allocation in the neighbouring cell in the subchannel allocation process is considered. In this way the best choice for subchannel allocation is to find which causes the least multi-cell interference.
The simulation results indicate that the maximum achievable throughput is approached by the proposed algorithm in comparison with the conventional algorithms and offers substantial performance gains in contrast to single-cell optimization.
In [11] , a joint power and subchannel allocation strategy is studied using aggressive frequency reuse. The problem formulated for increasing system throughput while minimizing bandwidth cost under the MSs' minimum rate limitations. The Benders' Decomposition [23] method is used. The important feature of the algorithm is the division of the problem into two sub-problems: a programming and a linear programming problem, which separately solves the problem of subchannel and power allocation. For two sub-problems the lowcomplexity algorithms are exploited to allocate the power and subchannel adaptively. The orthogonal channel usage in a cell is assumed to prevent intra-cell interference. Thus, as a result of aggressive frequency reuse, there is only inter-cell interference available.
The results indicate that the proposed algorithm offers higher system throughput, and the power is adaptively deployed and obtained the optimal solution by more iteration steps than the traditional power average allocation algorithm [24] .
In [12] a fair resource allocation scheme using aggressive frequency reuse, which may significantly decrease co-channel interference and enhance the spectrum utilization, is presented by two variants of an efficient half-duplex relay. The major difference between the variants is that: in Variant-A only the RSs transmit to the MSs in the RS sub-frame but in Variant-B, both RSs and BS transmit to their connected MSs while their sharing the resources. The main objective is to acquire a highly effective throughput over two consecutive sub-frames and maintain fairness between MSs through the mix of dynamic resource allocation in-cell routing, traffic diversity, and history of the past service of the MSs. This is attained by iteratively stabilizing the MS queues at all nodes using the throughputoptimal policy [25] , [26] , given the same traffic mean arrival rates. For the two sub-frames, two separate optimization procedures are implemented in each allocation instant prior to the BS transmission starting in the first sub-frame. For the second sub-frame, the BS transmits the allocation results to the related RSs on separate control channels. The RSs feedback the status of the updated queues in the uplink section of the frame, because of the previous downlink transmission.
Throughput, latency, and fairness improvements are achieved in the proposed scheme compared to the reference schemes in addition to a different scheme proposed previously by the authors. Numerical outcomes reveal that an almost ubiquitous high-data-rate service to MSs, regardless of their location (including MSs on the cell edge) are offered by the proposed scheme, with a small sacrifice in the entire system throughput.
B. Different FRF
In [10] , a cooperative scheme has been proposed based on relaying the MSs outside of the cell. The performance results attained with "classical" interference alleviation scheme based on partial frequency reuse (FRF of 3 outside of the cell) are evaluated. In order to decrease inter-cell interference, the cooperative diversity is used through a relaying protocol among the source BS and nearest BS.. Two reuse partitioning methods are established in the noncooperative scheme. The first scheme is proposed to use the entire spectrum, which includes FRF=1 on all locations and on all cells. However, this leads to high inter-cell interference and performance decay for MSs at the cell edge. The other scheme, proposed for 3GPP LTE in standardization [21] and [22] , set different FRFs based on the position of the MSs in the cell. The MSs inside of the cell are set for a FRF of 1, which are not affected through inter-cell interference. The MSs outside of the cell are set for a FRF of 3, which makes it possible to prevent inter-cell interference in this zone. For each BS, the allocation of a subcarrier is conducted independently for the MSs inside and outside of the cell. The allocating process of subcarriers for each pair of MSs is intended to allocate the exact amount of subcarriers for each MS.
In the cooperative scheme, FRF =1 for the entire cell, but for the MSs located outside of the cell, downlink cooperation between BSs is employed. As in the non-cooperative case, the same path loss criterion is determined outside of the cell. For each MS, the relaying BS is the greatest adjacent BS with regards to path loss. In each BS the power and subcarrier allocation could be employed in a distributed way. Allocation of subcarrier is executed as follows: an amount of the subcarriers for every BS is given to the relayed MSs, while there should be at least one allocated subcarrier for each MS on its direct link. The process of subcarrier allocation is intended to allocate the same amount of subcarriers to all MSs.
The numerical outcome reveals that the inter-cell interference to a quasi-constant value is preserved by cooperative scheme regardless of MSs' position in the cell, and results in an average inter-cell interference that is almost the only one that attained a FRF equal to 3. In order to reduce the rejection probability, the cooperative scheme can also be extremely effective, which is quite prohibitive with a FRF equal to 3 at high load. Therefore, downlink cooperation makes it possible to attain a FRF of 1, with the same inter-cell interference, much like a FRF of 3.
In [13] , another fractional frequencies reuse system to allocate radio resources and decrease inter-cell interference while keeping the sector FRF at 1 is introduced. For the two hope transmission (RS to MS), at the coverage area of the relay, fractional frequency bands, and for the direct transmission (BS to MS and BS to RS), in every sector, total frequency bands are used. Three sectors are defined physically for every cell: X, Y, and Z. The RSs of every sector can use the F1, F2, and F3 frequency bands in respect of the RS to MS communication links. Through this particular setting, in order to increase spectral efficiency, the total load frequency reuse is preserved for sector MSs, and to guarantee throughput and connection quality for the edge MSs, different sets of fractional frequency reuse are applied for these MSs. The frame structure presented in Fig.3 , includes an uplink and downlink frame, describes a possible solution to enable fractional frequency. Each frame includes N slots (M for downlink and the remainder for the uplink) plus two duplex guard times, and also L subchannels. The subchannels are distributed equally into three frequency bands -F1, F2, and F3 -in the frequency domain. The slots are divided into two equivalent timefrequency resource parts, specifically, OFDMA symbols, and a guard time gap is placed into each OFDMA symbol. The characteristics of RSs is that they are not able to concurrently receive and send data, therefore, it is dedicated for the index of 1 to m slots to reception of MSs from BS or RSs and it is dedicated for the index m+1 to M slots to BS transmission towards both RSs and MSs. As presented in Fig.3 , for RS to MS transmission, from 1 to m slots F1 frequency bands are employed in the downlink sub-frame. Likewise, for BS-MS transmission another frequency bands are employed. F2 or F3 frequency bands are employed when the MSs are located in sector Y or Z, for RS-MS transmission from 1 to m slots, respectively.
The mathematical results indicate that the ICI could be alleviated efficiently through this scheme and also obtains the greatest throughput because of the most useful SINR performance. In contrast to the conventional systems, the traditional relay system has greater throughput performance. In addition, the outcomes also show that the proposed scheme with the local forwarding scheme can obtain a higher throughput than the local forwarding scheme in the traditional relay system.
In [7] an empirical analysis of adaptive resource allocation schemes through the cooperation of load balancing (LB) and interference coordination (IC) is proposed. Also, an innovative frequency reuse scheme is designed in order to preserve high spectral efficiency and alleviate interference. It also offers useful LB-based handover mechanisms that could provide assurance of the MSs' QoS while equally disseminating the traffic. The proposed IC scheme is presented in Fig. 4 . The downlink sub-frame structure is revealed in Fig. 4(a) while the various frequency reuse schemes for different time periods are shown in Figs. 4(b) and (c) . The system bandwidth, W, is divided equally into three different sub-bands: W 1 (red), W 2 (yellow) and W 3 (green). The sub-bands adopted by each station throughout the cells are differentiated with different colours. The power is allocated evenly to all subchannels by the BSs (and RSs) that have been frequently employed for simplifying implementation in addition to analytical tractability problems in downlink resource allocation [27] , [28] .
The RS cannot send data in the Relay Zone (RZ) to the MSs, towards the receiver mode. Frequency resource allocation to RSs is not necessary. As presented in Fig. 4(b) , the 1×3×1 reuse pattern is used in each sector per cell to allocate the entire frequency band to the BS. RSs are accessible by the MSs located at the cell edge in Access Zone (AZ) in order to improve the link quality due to the RSs' position. Likewise, MSs that are near to the center of the cell can directly access the BS. The system would have less interference utilizing 1×3×1 in RZ than in single cell networks by improving the inter-cell interference distance, similar to the FRF scheme. Consequently, implementing the pattern of 1×3×1 in RZ is more efficient for RBCN. In AZ, the frequency resources must be allocated to the RS and the data are delivered from BS to the MS by RS. According to Fig. 4(c) , in each sector, in order to alleviate intra-sector interference, three different sub-bands are allocated to two RSs and one BS. For instance, when W1 is allocated to N B(1,1), W2 to N R(1,1,1), and W3 to N R(1,1,2) in the first sector, the whole frequency is allocated to each sector by the pattern of 1×3×1. Different frequency bands are shared by the RSs located near to one another. The same frequency bands may be reused just for the two RSs located at the alternative angles of the hexagonal cell. Thus, the CCI from the neighbouring cell of the RSs implemented at the cell edge is less severe. Therefore, the requirements for strictly planned orthogonal frequency bands at the cells edge and fully utilizing the available frequency resources in each cell can be met by this scheme. Since the system performance can be enhanced further through the advantage of the combination of the efficient resource scheduling and IC, the Proportional Fair (PF) algorithm for RBCNs is extended. The PF algorithm that was investigated in the literature for scheduling in Single cell networks [29] offers an efficient throughput-fairness trade-off.
This research implies that the proposed scheme neither meets the necessity on coverage, nor increases the throughput while adjusting more MSs in RBCNs.
In [14] , the idea of divide-by-K reuse approach is introduced, which allows K orthogonal chunks (sub-zones) of OFDMA data regions to be completely reused for all relay links throughout each cell in an N-hop relay-enhanced cellular TDD-OFDMA system with K ≤ N. The focus of the paper is the RS topology of a tree structure in which, based on IEEE 802.16j standard specification, two RSs cannot be linked to each other if they have the same hierarchy. Applying a dynamic reservation scheme based on standard reveals that it could support the different QoS levels for a non-transparent mode in RECS [30] . It forms a dynamic reservation TDMA version of a wireless mesh network, in comparison with the traditional wireless mesh network (WMN) with carrier sensing multiple access-collision avoidance (CSMA-CA) protocol [31] . Designing a reasonable tree topology subject is the aim that divide-by-K reuse strategy for N-hop RECS ( N>>K). For that the end-to-end routes for RSs are determined while increasing the bandwidth efficiency of the resources available for relay links. For the topology control, a sub-optimal algorithm is explored in which the limited radio resources available for relay links are carefully reused throughout the cell to decrease co-channel interference, thereby balancing the time-varying traffic load in a dynamical manner.
In [1] , a novel distributed scheduling scheme is proposed, which offers high QoS to MSs, and actively utilizes the frequency reuse based on the non-cooperative game theoretic framework [5] . Because the game theory obviously allows a distributed operation, simultaneous transmission can be successfully scheduled by each RS without the help of the BS. The offered utility function helps to reduce the amount of subchannels allocated to RSs through exploiting the frequency reuse, in that direct MSs use less transmission resources than indirect MSs. An RS cannot schedule the transmission power and subchannels to maximize the throughput of an entire cell, because an RS only knows the channel state of MSs served by it. Therefore, the cell-throughput performance might be degraded. To deal with this issue, RSs is encouraged to reduce the number of subchannels assigned to them, therefore, the unassigned subchannels can be used to increase the cell throughput through the direct transmission. Hence, the frequency reuse should be encouraged and the inter-relay interference must be suppressed. In addition, by adopting the cost coefficient of transmission power, the utility function implicitly draws the interference alleviation.
The simulation outcomes reveal that higher throughput may be acquired by the proposed scheme in comparison with the centralized scheme [4] whilst the outage possibility of the proposed scheme is comparable to that of the centralized scheme. Consequently, by adopting the proposed scheme in the RBCN system, the cell can attain higher throughput within reduced channel reporting overhead, which, in addition, encourages higher throughput on the uplink. 
IV. DISCUSSION
According to the previous discussion, in RBCN, RSs generally exploit the exact same spectrum as BSs or MSs, the radio resource allocation schemes and the CCI will be closely related in the RBCNs because of the intra-cell and inter-cell frequency reuse. Therefore, new methods, algorithms and designs are needed to allocate resources to avoid CCI. To alleviate the interference frequency, the reuse factor is introduced in OFDMA systems, which most papers presented as FRF is equal to 1 while others used common FRF values, such as 1/3, 1/4, 1/7, 1/9 and 1/12.
The comparisons of these papers indicate that a high reuse factor leads to high inter-cell interference, and vice versa.
Through, the average cell throughput comparison between a FRF greater than 1 and universal FRF, it is quite obvious that the performance of a FRF greater than 1 is poorer than the universal one. On the other hand, the cell edge MSs' performance get more benefit from a high FRF. This is because the interference of the cell edge MSs is a lot higher than the average level, which could be considerably decreased via FRF. If maximizing the average cell throughput is the object, then a FRF of 1 could be used; otherwise, if the QoS of the cell edge MSs is required, a high FRF could be beneficial.
I. CONCLUSION
In this paper we address the general system model scenarios in RBCN to formulate the problem of interference. Also, the existing co-channel interference mitigation techniques in multi-cell OFDMA RBCN is reviewed, with the aim of utilizing the benefits of RSs and reduce the negative effects of the interference introduced. Our study compares the techniques based on the FRF used and shows that even while maintaining the FRF at 1, we can maximize the average cell throughput.
